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The calliper gauge 
described in this arti- 
cle is not an optoelec- 
tronic* device, 
although itis based 
on the marriage of a 
laser (optics) and 
electronics. Itis an 
excellent example of 
the way optics and 
electronics can be 
made to work 
together. Like its 
mechanical counter- 
part, itis very accu- 
rate, gives fast results 
and need not touch 
the object to be mea- 
Sured. 


By Prof. Dr A Kettler 
Technical University, Aalen (Germany) 


*Optoelectronics is the study and appli- 
cation of electronic devices that emit 
light (lasers, light-emitting diodes), 


amplify light (optical amplifiers), detect 
light (photodiodes, phototransistors), 
and control light (Kerr cells). 
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THE PRINCIPLE 
Mechanical vernier calliper gauges 
have two parallel surfaces between 
which the object to be measured is 
placed: it does not matter how it is so 
placed—see Figure 1. In the optical 
equivalent the object is scanned by a 
parallel beam of light. Such a beam 
may be obtained by passing light from 
a point source through a collimator. An 
excellent point source for the present 
purpose is a laser diode. 

A collimator is a device or system 
that produces a beam of (near) parallel 
light. For use with a laser diode, it 
needs a very short focal length (of the 
order of millimetres) to convert the 
strongly divergent beam from a laser 
diode into a parallel beam. Since with 


such a short focal length serious image 
errors may occur, the collimator is usu- 
ally a combination of lenses instead of 
asinglelens. 

In the vernier calliper gauge, the 
eyepiece of a microscope was used, but 
the tube of a small pair of binoculars 
will also do. The reader may note that 
multi-lens collimators are commerdally 
available. 

The object to be measured is placed 
in the parallel laser beam so that it 
throws a shadow on to an optical sen- 
sor, a diode array or a charge-coupled 
device—CCD. Owing to the paral- 
lelism of the beam, the dimensions of 
the shadow are exactly the same size as 
those of the object—see Figure 1. 
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LINEAR SENSOR 

ARRAY TSL401 
Charge-coupled devices need several 
supply voltages and complex control 
signals, while their output signal 
requires additional analogue process- 
ing. In contrast, the Type TSL401 linear 
sensor array from Texas Instruments’ 
provides a readily usable output signal, 
and needs only a single 5V supply line 
and two logic signals. The functional 
block diagram of the sensor is shown 
in Figure 2. 

The TSL401 consists of a 128x1 
array of photodiodes and associated 
charge amplifier circuitry. The pixels 
measure 63.5 um high by 50 um wide 
with 63.5 um centre-to-centre spacing 
and 13.5 um spacing between the pix- 
als. 

Light energy striking a pixel gener- 
ates a photocurrent that is then inte- 
grated. The amount of charge accumu- 
lated at each pixel is directly propor- 
tional to the light intensity on that pixel 
and the integration time. The integra- 
tion time is the interval between two 
consecutive output periods. 

A 128-bit shift register controls the 
output period of the device. An output 
period is initiated by the application of 
a high logic level to S4 for one leading 
(positive-going) clock edge. The logic 1 
is docked through a 128-bit shift regis- 
ter, in which one bit is associated with 
each pixel. When a given bit is high, 
the associated pixel signal is coupled to 
the analogue output (AO) through an 
output amplifier. When the bit goes 
low, the integrator is reset. 

The output amplifier is a source fol- 
lower that needs an external pulldown 
resistor. The source-follower configu- 
ration permits an analogue wired-OR 
hookup of multiple devices. When the 
device is not in the output phase, the 
output is in a high-impedance state. 
The output is nominally OV for no 
light input and 2 V for a nominal light 
intensity. 

The TSL401 is intended for use in a 
wide variety of applications, induding 
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object diode array 
to be (128 pixels) 
measured 
Figure 1. Illustrative compar- 
ison of the optical vernier 
calliper gauge and its 
mechanical counterpart. 
mark and code as the ispILSI 1016 


reading, optical character recognition 
(OCR) and contact imaging, edge 
detection and positioning, and optical 
linear and rotary encoding. 

More detailed information on the 
sensor array is available on the Inter- 
net: http://www.ti.com/sc/docs/fold- 
ers/analog/tsl40L.html 


CPLD INSTEAD OF 
MICROCONTROLLER 
The sensor array may be controlled by 
a CMOS Programmable Logic Device 
(CPLD) instead of a microcontroller. A 
good choice for this purpose is the 
Type ispLSl1016 from Lattice 
(described in EE, November, 1994). 

This device contains 64 macrocells, 
which makes it ideally suitable for 
simultaneously generating control sig- 
nals for the array and providing an 
interface for connecting it to a com- 
puter. See Figure 3. 

A dedicated programming unit is 
not needed, since the logic may be 
input directly into the CPLD via the 
parallel port of the computer. 

Since the download cable also pro- 
vides a link between the CPLD and the 
computer, the measurands may be sent 
directly to the computer. Before this 
can be done, however, the cable as well 


Pixel 1 Pixel 2 





Sample/ 


Output T 


128-Bit Shift Register 





Pixel 3 


board need a few small modifications. 
Information on these is available on 
Lattice’s Homepage: 
www.latticesemi.com 


CONTROL LOGIC AND 
INTERFACE 

The overall logic is in synchronous for- 
mat: all registers are clocked centrally 
by a 16 MHz system clock. Asynchro- 
nous signals are integrated into the 
oscillator signal by bistables. 

The 2 MHz pixel clock for the sen- 
sor array is derived from the system 
clock, so that a pixel clock period con- 
sists of eight phases. This means that 
the signals needed for processing the 
pixels may be synchronized with an 
accuracy of an eighth of the pixel clock 
period. 

The logic signals in the ispILSI 1016 
are applied to modules contained in 
the CPLD as shown in Figure 4. 


SYNCHRO 
Control signals mope and scLk, with 
which the computer starts the serial 
reading of the data, are not in syn- 
chrony with the 
system clock. 
They are, there- 
fore, synchro- 


Figure 2. Functional 
block diagram of the 
Type TSL401 linear 
sensor array. 
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Figure 3. Block dia- 
gram of the electronic 
part of the vernier cal- 
















liper gauge. 
Figure 4. The requisite logic 
functions contained in the 
ispLSI1016 for sampling the 
4 measurand. 
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Figure 5. Screendump of the contour mea- 
surement of a light-emitting diode (LED) 
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nized with it before being applied to 
the remainder of the module. 


PIXCNTR 

The PIXCNTR module counts the num- 
ber of pixels and generates control sig- 
nals sı and PIXcLk for the sensor array. 
The array is read permanently at a 
pixel frequency of 2MHz. 

The module is based on a 10-bit 
counter that is clocked at 16 MHz. Bits 
Cg-Cg form the real pixel counter, 
while bits phg-phz divide a pixel 
period into eight intervals. The latter 
three bits are also used by the EDGE_sm 
module when a light/dark edge is 
detected to monitor the transient oscil- 
lation of the output signal of the sensor 
array pixel by pixel. 


EDGE _SM 

The video signal arriving from the sen- 
sor array is converted into binary form 
by a comparator (LM311) and then 
applied to an edge detector which rec- 
ognizes light-to-dark or dark-to-light 
transitions. 

The phase information of signals 
pho-phz determines when the binary 
signal is sampled within the pixel clock 
period. This enables the transient 
response of the video signal to be 
allowed for. The edge counter (ey) is 
increased by one for each edge; the 
counter state is passed to EDGE_BUF. 


EDGE_BUF 

The EDGE_BUF module assumes the 
state of the pixel counter at each new 
edge. Up to four edge positions may be 
stored. 

Measurement of the edge positions 
is started by the control computer with 
signal mope. After the measurement 
has been completed, the edge positions 
from the computer are read bit by bit 
via the parallel interface. The single 
data bits are clocked by scLk and out- 
put via Sout: Measurement and data 
transfer follow each other in not fewer 
than two read periods of the sensor 
array, that is, 128 us. 


COMPUTER PROGRAM 
The software for reading the measure- 
ment values is produced under bos in 
Turbo Pascal. It is accessed directly at 
the relevant I/O register via the paral- 
lel port. 

Although the logic design allows 
very rapid measurements to be carried 
out, in practice the speed of measure- 
ment is determined by the (relatively 
low) speed of port access during the 
data transmission. 

Tests with a Pentium 166 produced 
measurement times of 192 us in the 
case of two edges, and 256 us in the 
case of four edges. 

[990043] 
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